measurements correspond exclusively to water surface, whereas in visible wavelengths these are related to water volume due to more light penetrating into water for these wavelengths for meters of penetration [10] [11] [12] .
Material and Methods

Remote Sensing Procedures
In this step a LANDSAT/ETM+ image is used to obtain dated lakes of Icalma and Galletué and lagoons located within Chile's Conguillio National Park ( Fig. 1 and Table 1 ). This image is dated 12 January 2012 and is provided by the Land Processess Distributed Active Archive Center (LP DAAC) of the U.S. Geological Survey (LPDAAC.usgs.gov). The scene corresponds to path/row 233/087, Landsat series. Additionally, two other Landsat/ ETM+ images were used, dated from 6 January 2010 and 9 January 2011.
The spectral and spatial characteristics of the ETM+ sensor are presented in Fig. 2 and Table 2 . The bands of visible, near, and mid-infrared were calibrated radiometrically to spectral radiance and then to reflectance with atmospheric correction being applied (Table 3) . Data analysis: 2012 reflectance was applied to principal correspondence analysis to obtain the grouping for sampled sites. This statistical analysis was applied using Analyse-it software based on the methodology used for Patagonian lakes [13] .
Results and Discussion
Correlation analysis (Pearson correlation test) to 2012 data revealed direct significant correlations between B1 Table 4) . PCA revealed that all variables contributed to axis 1, whereas B1, B2, and B3 made a positive contribution to axis 2 while B4, B5, and B7 made a negative contribution to axis 2 ( Table 5 , Fig. 3 ). This may be due to the different light penetration in water of visible (bands 1, 2, 3) and infrared wavelengths (bands 4, 5, 7). The results of PCA revealed that Verde Lagoon -and partially Conguillio Lagoon and Icalma Lake -have high reflectance for B1, B2, and B3, and low reflectance for B4, B5, and B7, whereas Arcoiris, Icalma Chica, and Captrén lagoons and Galletué Lake (Fig. 1 ) have low reflectance for B1, B2, and B3 and high reflectance for B4, B5, and B7.
The present study revealed differences in optical properties for studied lakes that could be denoted using remote sensing techniques such as were observed for Patagonian lakes with marked environmental heterogeneity such as was observed for lakes Tagua Tagua and General Carrera [13] [14] [15] .
The environmental heterogeneity for Patagonian lakes has been described in details mainly regarding trophic status and associated basins [16] [17] [18] , but recently was studied using optical properties associated with ecological implications due to the presence of associated glaciers with consequent changes in water coloration properties, light absorption, and changes in associated trophic webs [19] [20] [21] , and these results would be associated with optical properties obtained from satellite images [13] [14] [15] .
All of the studied sites are associated with the volcanic activity of Cordón Caulle and Llaima volcanoes. The Caulle Cordon began in the middle of 2011 with sustained emissions of volcanic ash until early 2012. This ash often covered the area of Conguillio National Park and surrounding zones. Llaima Volcano had weak eruptive activity in early 2012. The ash plumes of both volcanoes affect all surrounding ecosystems for studied sites [20] . Also, the sites included in Conguillio National Park feature the geological characteristic of having many volcanic stones along their bottoms, such as was observed for Verde and Arcoiris lagoons [5] . Also, in Arcoiris Lagoon the high infrared reflectance values are related to the presence of high quantities of submerged vegetation. In this scenario, there is potential correlation between optical, chemical, and trophic status with a consequent response regarding the biological characteristics of the ecosystem [13] [14] [15] 22] . Table 3 . Reflectance for studied lakes (2010-12). 
Conclusion
It is possible to use satellite reflectance data to monitor the chemical and trophic status of lakes and lagoons. This information detects not exclusively differences related to physical features of the lakes, and also recognizes changes of water reflectance generated by ash fall from volcanic plumes. For example, for Arcoiris, Captrén, and Verde in three analyzed data (Table 2) , their infrared reflectance values were permanently higher in comparison to other lakes and lagoons, which is due to their low surface and depth. Also, the reflectance value of lakes and lagoons showed a strong decrease in 2012, corresponding to the effect of volcanic ash fall from the Caulle cordon eruption and Llaima volcano eruption.
The results presented indicate a potential correlation between environmental associations due to surrounding basins and that optical properties might possibly be found [23] ; however it would be necessary to carry out more intensive studies and obtain more data to be able to confirm or discount the possibility of finding potential correlations and their variation at multiple spatial and temporal scales [24] . Table 5 . PCA contribution percentages of variables for axis 1 and 2. Fig. 3 . PCA analysis for variables considered in the present study.
